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ABSTRACT

ARTICLE HISTORY

Over the past decades, there had been a growing concern for policy makers and scientists to
implement the sustainable development (SD) agenda. To date, little eﬀorts are made to instil
early awareness and education for sustainable development (ESD) amongst the ﬁrst-year
undergraduates to become eﬀective and responsible global citizens. As such, the learning of
organic chemical-based socio-scientiﬁc issues (SSIs) within the scientiﬁc world is important to
promote early awareness amongst chemistry undergraduates in SD. In this manuscript, for the
ﬁrst time comics drawing is being used as learning instruction to instil the ESD learning
amongst ﬁrst-year undergraduates at Universiti Malaysia Terengganu. In this activity, students
made their own comics with regard to organic chemical-based SSIs they have read and shared
their own comics, together with their reﬂective essays on the learning management system
(LMS). Based on a survey result, students’ involvement in the current activity has resulted in
their familiarity with the organic chemical-based SSIs. In addition, they have expressed a high
degree of satisfaction toward the implemented activity and the chemistry content they learnt in
this course based on the reﬂective essay received by the course instructor in the LMS.
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1. Introduction
Education for sustainable development (ESD) is an
approach initiated by the United Nations (UN) with the
aim to improve the capacity of current and future generations to address the environmental and developmental
issues that are plaguing in today’s world (1). In addition,
students or future citizens are viewed as stakeholders in
the society who play an important role to shape a more
sustainable future, which is aligned with the concept of
sustainable development (SD) (2). As such, many reports
were generated about the possibility of including ESD in
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the science curriculum as a mean to achieve the sustainable goals in schools and at higher education levels (3,4).
On the other hand, why do educators view the
adoption of ESD in the school chemistry education
can provide an eﬀective platform to drive the future
generation in achieving SD? According to published
literature, this transformative approach emphasises
on sustainability among the future generation by
teaching proper stewardship of natural resources
and evaluating the chemistry related-business or products, based on the lens of balanced, multi-perspective and also carefully reﬂected manner (5).
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Moreover, chemistry, which is often viewed as the
main contributor of environmental pollution, can
improve its much ‘tarnished’ image by transforming
into the champion and driver of sustainable science
in the twenty-ﬁrst Century, via the adoption of ESD
in the chemistry curricula (6).
To inspire the future generation about the importance of SD, there were a number of chemistry-related
activities which targeted the undergraduates and
school pupils. For example, the microplastic outreach
programme (7), making a simple and sustainable paint
activity (8), greening the high school laboratory (9),
systems thinking and sustainability in general chemistry
(10), sustainable pharmaceutical synthesis in the laboratory (11), and implementation of green and sustainable
practice in pharmacy and medical programmes (12). It
is noteworthy that all these eﬀorts for implementing
the sustainable practices in schools and university chemistry education are the consequences of increasing consciousness
amongst
stakeholders
towards
environmental pollution and degradation that we face
in today’s modern world (13,14), and the need for a
more SD whereby they seek chemistry as one of the
opportunities to achieve the SD goals.

1.1. Drawing as an instructional tool
The ‘drawing to learn’ theory is grounded based on
the fact that students’ drawings represent their knowledge of the world (15). In addition, it is also used as an
instructional tool to understand students’ feeling and
interests in a particular subject. Apart from the standpoint of art, this type of instructional learning enables
students to make representation and reasoning
regarding the world they intend to explore via
drawing and is the theory guiding the present study
(16). Reformers see drawing as one of the opportunities to introduce more interactive and inquirybased learning (17). According to a survey, students
were motivated in science learning via drawing, as
they were more able to explore and justify their understanding in science, compared to conventional teaching (18).
Apart from this, drawing is a useful instructional tool
to aid learners in overcoming limitations in the presented materials, organize new knowledge more eﬀectively by integrating new and existing knowledge
(19,20). For instance, inviting students to draw what
they have read and understood, requires them to
make explicit understanding of the facts they understood in an inspectable form (21). Moreover, visual representation matches the visual-spatial demand in
science learning, which further enhances constructive

learning strategies (22). In short, drawing can be used
to help students to discern key concepts, as well as
prepare students for future learning and challenges of
new tasks (23).

1.2. Using comics in education
The motivation and key argument in our current manuscript is that, based on our past experiences in chemical
education (24–26), comics can be used as an interesting
medium for students to learn about SD via socio-scientiﬁc issues (SSIs). Building on a previous evidence that
showed when comics meet science (27), comics can
oﬀer opportunity for students to develop understanding
in science, by making complex concepts instantly understandable. Apart from this, comics make science more
alive and accessible to the public who have no access
to scientiﬁc literature.
In a previous study reported by Zainordin et al. (28),
the authors found that the undergraduates’ exposure
and emphasis on ESD is low. To create an early awareness
on ESD for ﬁrst-year undergraduates, an alternative, nonface-to-face activity, via the creation of the SSIs comic
drawing was introduced to engage students with ESD
learning in the basic organic chemistry course. Previous
study revealed that the SSIs based on ESD can make
chemistry learning more motivating and meaningful
(29). In addition, this type of study provides the relevance
of chemistry education in the sustainability context, and
thus schools or universities chemistry education should
also contribute to this area so that students can learn to
be more responsible for themselves and the future generation (30–33). Moreover, the use of comics for teaching
and learning is reported to enhance students’ motivational and active participation (34).

1.3. Research goal
In this activity, students were invited to make a comic
drawing about the organic chemical-based SSI which
attracted their attention and it must be according to
the current literature. Organic chemical-based SSIs are
topics or course of actions associated with the use of
organic chemicals in our daily life. Students were
required to choose the literature and organic chemicals
and connected these in their daily life, and where possible represent it through comic drawing as implemented
in this activity. The use of comic drawing approach as an
alternative instruction for students’ learning of SSI not
only allows the learning of ESD but also enables their
active participations, and thus reduces stress and
boredom in the learning process. As such, the purpose
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of this research was set oﬀ as listed in the following
context:
(1) To examine whether students can convey their ideas
in the organic chemical-based SSIs by using comic
drawing approach.
(2) To examine students’ awareness on the organic
chemical-based SSI issues before and after administration of the current activity by using the SSI awareness test in organic chemistry and students’
reﬂective essays.
(3) To investigate student’s attitude toward comic
drawing activity based on the survey and their
reﬂective essays.

2. Methodology
2.1. Participants
At the beginning of semester I (2018/2019 session) and
semester II (2019/2020 session), 41 participants (14
males, 27 females) from the basic organic chemistry
course participated voluntarily in this activity (Table 1).
They were invited to draw an SSI comic based on the
current literature on organic chemicals that they have
read.

2.2. Procedure
The basic organic chemistry course comprised two onehour lessons per week, for 14 weeks. Before the commencement of this research, students were briefed
about their work which will be analysed for educational
research. In addition, ﬁndings of the current research
and their comic drawings will be used for publication
in the future. The participants understood and agreed
before their participation. Then, the course instructor
introduced the activity in week 2 of the semester and
explained the deﬁnition of SSIs and their relation to ESD.
In week 3, a questionnaire on the awareness of the
organic chemical-based SSI was administered to the participants as a pre-survey. In addition, students were given
a Google Forms to register their topic for the activity.
Next, students were briefed about several comic drawings
software which were available online for free, such as the
Toondoo, Strip Generator, Powtoon and Make Belief
Table 1. Participants of the study.
Male
Female
Total

Semester I (2018/2019)

Semester II (2019/2020)

Total

6
12
18

8
15
23

14
27
41
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Comix that can be used to make their comics. Although
this activity was not assessed in this course, students
who participated received a gift pen as a token of appreciation for voluntary participation.
During week 4 and week 7, students were drawing
their own comic according to their selection of the literature. The lecturer monitored students’ progress via
WhatsApp group chat, where each student can also
see other students drawing. The lecturer gave some
feedback on students drawing to improve the quality
of comics they drawn.
At week 8, upon their task completion, the students
will upload their comics and reﬂective essays in the
learning management system (LMS) chat room for
display and to be followed by their peers. To assess
changes in students’ awareness of organic chemicalbased SSI issues, the Questionnaire on Awareness of
Organic Chemical-Based SSI and the Questionnaire on
the Implementation of Comic Drawing Activity were
administered to participants. Table 2 summarizes the
research process for the current activity.

2.3. Questionnaires
In this study, two simple questionnaires were developed
by the authors. They were the Questionnaire on Awareness of Organic Chemical-Based SSI and the Questionnaire on the Implementation of Comic Drawing
Activity. The former was used for the pre- and postsurveys to monitor the students’ awareness of organic
chemical-based SSI. This questionnaire consisted of
topics on organic chemical-based SSIs chosen by participants, and participants were asked to assess their awareness on these SSIs associated with the use of organic
compounds, before and at the end of activity. Paired ttest was used for the comparison of students’ awareness
between pre- and post-surveys. The latter questionnaire
consisted of four ﬁve-point Likert type items which
required students to rate the intellectual changeability,
eﬀectiveness on learning organic chemistry, eﬀectiveness in promoting self-directed learning, and eﬀectiveness to promote ESD in this comic drawing activity.

2.4. Reﬂective essay
Apart from pre- and post-surveys, students who experienced the implemented activity were required to submit
a reﬂective essay (Figure 1). Within the essays, students
wrote what they have learned from the literature and
how they felt during comic drawing activity. Undoubtedly, writing is an eﬀective tool for students to organize,
express, and clarify their ideas and thus reﬂect on
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Table 2. Research process in this activity.
Students
Week 2

Introduction of comic drawing activity and learning
about SSI

Lecturer
.
.

Week 3

.

.

Administering the Questionnaire on the Awareness of Organic Chemistry-Based SSI (35)
before the commence of this activity.
Explaining comic drawing software and assessments which will be conducted
throughout this activity and deadlines.
Asking students to register their topic of interest of SSI via the Google Forms

Drawing SSI comic

.

Monitoring students’ progress weekly via WhatsApp group chat.

Online submission of comic drawing and writing
reﬂective essays

.

Checking students’ comics and reﬂective essays in the LMS
Inviting students to view their fellow classmates’ works on the LMS.

Taking two post-surveys

.

Taking one pre-survey and guiding participants on
how to draw comic with digital tools

.

Week
4∼7
Week 8
Week 10

Brieﬁng about the activities including seeking their prior permission and introduction
of current activity
Explaining SSI

.

Administering the Questionnaires on the Awareness of Organic Chemistry-Based SSI
and the Questionnaire on the Implementation of Comic Drawing Activity after the end
of this activity.

Figure 1. Example of student comic on the microplastic SSI (adapted with permission).

their learning experience as reported by a previous literature (36).
To analyze students’ feedback on the implemented
activity, students’ reﬂective essays were examined qualitatively by two of the authors with the intent to classify
the elements of SSI provided by students into the topic

chosen by students by students. After getting consent
on the categorization by all the authors, the manuscript
was prepared. All reﬂective essays and data obtained
from this study were systematically reviewed and categorized by two of the authors. After getting consent
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Table 3. Topics of interest chosen by students.
Topic chosen

Number of students

Plastic pollution
Pesticides and the environment
Global warming
Antibiotic-resistant issue
Diethanolamine
Volatile organic compound (VOC)
Total

18
9
7
1
1
1
37

on the categorization by all the authors, the manuscript
was prepared. The inter-rater reliability is about 95%.

3. Results and discussion
3.1. Characteristics of comics produced by
students
After the announcement of comic drawing activity, students showed a positive response towards its implementation. This was evident when all students met the
course instructor to have an insightful discussion
before commencing the activity. Students were not presented with any articles in this activity, except for the
course instructor’s brief introduction to the SSI terms,
and students had to choose a topic which attracted
their attention in the current literature. This was to maximize their opportunity for reading and creativity. Therefore, students were mostly on their own when selecting
a topic and drafting their comics. In an earlier report
based on a comic project (37), comic activity was
shown to be capable of instilling active learning and
self-directed learning among students. This was one of
the reasons comic format was chosen to introduce
SSI, as many students faced disengagement in science,
due to the passive role they play in a conventional classroom (38).
After four weeks of drawing, 41 comics were submitted. Amongst them, four comics were rejected
because one of the comics was not related to the
organic chemical-based SSI topic, and the other three
failed to clearly deliver the SSI message. The rest of the
students showed that they understood the organic
chemical-based SSI as reﬂected in their reﬂective
essays, and they gave their comments about the potential social-scientiﬁc issues caused by these organic compounds. The topic of interest and number of participants
are summarized in Table 3.
To probe participants’ ideas associated with organic
chemical-based SSI, they were invited to draw the corresponding comics based on the SSI literature that they
have read. In today’s curriculum, it is widely perceived
by educationists that comic is a potential educational
tool to engage and motivate students for learning, as
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well as a visual representation about the science of
ideas learnt. Moreover, by drawing a comic, students
were needed to provide a justiﬁcation for their own
ideas and clarify the scientiﬁc thinking involved (39).
Figures 2–6 are the representatives of the organic
chemical-based SSI comics provided by participants.
Various organic chemical-based issues were raised
during the implementation of this activity, such as
issues regarding plastic pollution (Figure 2), pesticides
and the environment (Figure 3), global warming
caused by the use of carbonﬂuorocarbon (CFC)
(Figure 4), antibiotic-resistant bacteria (Figure 5), and
volatile organic compounds (VOCs) (Figure 6).
In the cognitive domain, comic drawing enabled the
students to study deeply about the scientiﬁc ideas or
related issues. This was evident when participants
showed their understanding about the SSIs involved
in their reﬂective essays. For example, a student who
had chosen the plastic pollution topic was overwhelmed by the quantity of microplastic particles produced within a year (Table 4, student 6). Moreover,
participants also indicated that the use of certain pesticides can threaten biodiversity and the environment
as revealed in their reﬂective essays (Table 4, student
2). In addition, based on participants’ literature
search, they found that the use of CFC-related
organic chemicals could cause ozone layer deterioration (Table 4, student 26). In most cases, students
were able to reveal their understanding toward the
involved organic chemical-based SSIs, and some of
their representative quotes are shown in Table 4. It is
noteworthy that the current activity was eﬀective in
cultivating students to do literature search about the
involved organic chemical-based SSI to draft a
speciﬁc content and determine the best way to
convey their comics. In addition to communicate scientiﬁc information, the SSI comics served to present
information and conclusion that do not ‘close them,’
but enabled students, citizens and readers to further
reﬂect, discuss and make interpretation in a more
playful way (40). Some comics which were memorable
to the course instructor were also included in the
manuscript (Figures 2–6) after their permissions were
granted.

3.2. Evaluation of students’ awareness of the
organic chemical-based SSI
As described earlier, students were required to register
their topic of interest in the Google Form sent by the
course instructor, upload their comics and reﬂective
essays on the created LMS chat room. This was to
enable other participants to engage with their peers,

704

J. CHA ET AL.

Figure 2. Example of student concept cartoon on pesticide (carbamate) and the environment SSI (adapted with permission).

Figure 3. Example of student concept cartoon on the global warming caused by the CFC (adapted with permission).

Figure 4. Example of student concept cartoon on the antibiotic-resistant SSI (adapted with permission).
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Figure 5. Example of student concept cartoon on the volatile organic compound SSI (adapted with permission).

Figure 6. Example of student’s reﬂective essay from the LMS.
Table 4. Representative quotes of students’ understanding about the organic chemical-based SSI as shown in their reﬂective essays.
Issue
Plastics pollution
Pesticides and
environment
Global warming
Antibiotic-resistant
Diethanolamine
VOC

Representative quotes
‘It was surprise to learn that mankind had consumed 39000–42000 microplastic particles per year.’ [Student 6]
‘The danger of the use of pesticide should not be under-estimated as it causes environmental havoc and threatening the
biodiversity.’ [Student 11]
‘The use of CFC is one of the greenhouse gases that depleted the ozone level, thus causing the global warming.’ [Student 26]
‘Among the so many pharmaceuticals, antibiotics have received special attention for their wide application in human therapy and
livestock agriculture. Unscrupulous disposal of antibiotics into the environment can results in the emergence of resistant bacteria
strains that results in public health concerns.’ [Student 29]
‘Diethanolamine may cause skin irritation and negative eﬀect to liver and kidneys’ [Student 40]
‘VOCs include a variety of chemicals, some of which may have short- and long-term adverse health eﬀects. Also, they could be used
as potential chemical weapons in future.’ [Student 32]

Table 5. Students’ awareness change on the SSI-based ESD as shown in the 5-point Likert scale* survey form.
Mean ± SD (N = 41)
Topic
Plastic pollution [PP]
Pesticides (carbamates, triazines, DDT, 2,4-D) and the environment SSI [PEST]
Global warming SSI [GW]
Antibiotic-resistant SSI [ANT]
Diethanolamine SSI [DE]
Volatile organic compound (Benzene) SSI [VOC]

Before course

At end

t

p

2.7 ± 0.63
2.9 ± 0.79
3.2 ± 0.70
2.0 ± 0.84
1.9 ± 0.83
1.5 ± 0.60

4.5 ± 0.64
4.8 ± 0.46
4.6 ± 0.59
4.4 ± 0.67
4.2 ± 0.79
4.1 ± 0.84

−13.384
−12.608
−9.853
−15.097
−14.676
−14.154

.000
.000
.000
.000
.000
.000

*Likert ﬁve-scale; 1 = None; 2 = Limited; 3 = Somewhat familiar; 4 = Familiar; 5 = Very familiar.

learn from each other through their SSI-based ESD
comics, as well as to understand deeply about the
current SSI chosen by their fellow colleagues. In
addition, the participants’ familiarity change on the
organic chemical-based SSI could be studied in the
current setting, since their topics of interest were
known the ﬁrst hand. To achieve this, the Questionnaire
on Awareness of Organic Chemical-Based SSI was subjected to participants, before and after administration

of the activity. Based on Table 5 and Figure 7, the
average scores of six topics were below ‘familiar’
before the administration of activity. Participants felt
that they had gained more after their involvement in
the activity, with the average scores after activity
higher than before. Moreover, the results of paired t
test showed there are statistical diﬀerences on the students’ awareness change towards the topics of SSI (p
< .000). The current surveyed result showed that
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Figure 7. Students’ familiarity change on the SSI-based ESD.

students were more aware about the SSIs of the organic
chemical-based setting. Besides, the comic drawing
activity presented here was capable of engaging students in a topic and enabled the communication of
scientiﬁc matters between peers, which was in agreement with a recent article (41). Moreover, the use of
reﬂective essays could be a potential way to enhance
peers in understanding a studied topic, as implemented
in the current study setting. The current implemented
activity was considered to play a crucial role, especially
in promoting environmental awareness attitude
amongst participants.

3.3. Students’ attitude toward comic drawing
activity
The purpose of this activity was to create students early
awareness in the ESD by using the comics as a way for
them to communicate about scientiﬁc matters. In
addition, students were required to think critically
about the topics and ideas, before the creation of
comics. Nevertheless, the current implemented activity
was aligned to ESD, whereby it involved topics of
every day’s organic compounds and societal issues.
Moreover, by taking advantage of the organic chemical-based SSI comic, the current activity provided an

alternative method to teach sustainable education
which diﬀered from previous methods, whereby most
of methods involved ESD implementation, either in laboratories or classroom settings.
Toward the end of this activity, students showed a
highly positive response toward the activity (Table 6).
In the ﬁrst place, students admitted that the current
activity was an intellectual challenge to them (M =
4.56). The author felt that it was indeed very important
and needed in many of today’s curriculum to nurture
undergraduates’ thinking capabilities and instil their
reasoning skill. In addition, students felt that they
could learn more about the principles of basic organic
chemistry via the implemented activity (M = 4.51). For
autonomy learning, students felt that the current activity
could train them in developing their personal skill,
through proposing their topics of interest and making
their own comics (M = 4.59). Finally, students felt that
the current activity was eﬀective in promoting ESD (M
= 4.83). Overall, the ﬁndings of this survey showed that
the potential of incorporating the comic drawing activity
which emphasized on the SSI in promoting ESD in the
future. Undoubtedly, the current activity required a lot
of thought and critique from students when crafting
the comics on SSI. Nevertheless, the present work provides students with an opportunity to practice these

Table 6. Students’ response on the implemented activity for semester II 2018/2019 and semester I 2019/2020 (N = 41).
Ratea
Question

1

Rate the intellectual challenge posed by current activity.
0
Rate the eﬀectiveness of the current activity in the learning of organic chemistry.
0
Rate the eﬀectiveness of the current activity to promote autonomy learning.
0
Rate the eﬀectiveness of the current activity to promote the ESD
0
a
Likert ﬁve-scale; 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = Agree; 5 = strongly agree.

2

3

4

5

M (SD)

0
0
0
0

0
0
0
0

18
20
17
7

23
21
24
34

4.56 (0.50)
4.51 (0.50)
4.59 (0.49)
4.83 (0.37)
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skills, and at the same time, by drawing comics it
enhances students’ gain in science learning (42). For
future work, the comic drawing activity is useful to
engage school students to learn about sustainability.
Besides, the comic drawing activity can also be
implemented in conjunction with a guideline (43) to
maximize students’ learning in sustainability issues. In
addition, students can learn better and engage actively
on the SD issues, if the activity was properly designed
and conducted online, as indicated in this work and
also reported by a previous literature (44). Finally, as
pointed out by one of the reviewers, the comics of
SSIs related to the use of chemical compounds were
solely based on the understanding of participants. In
future, course coordinators can play a role to clarify
further on the current knowledge or progress of the
SSIs chosen by students by having a group discussion,
after the administration of this activity.
In the students’ reﬂective essays, students also
expressed their level of satisfaction towards the
implemented activity. Some participants’ comments
were included here:
This activity is interesting, and I hope the course instructor will keep this activity for the future class. [Student 1]
In my opinion the most precious things that I’ve learn in
this course is the knowledge in handling the chemical.
Both chemical in the laboratory and chemical that we
always used in daily life. Since my parent run the
businesses that involved certain dangerous chemical
like WD 40 and VOCs household product like paint,
paint stripper, aerosol spray, and so on, it makes me
felt more interesting in this course, so I can remind my
parent and myself also to become less ignorant and
be more aware with the chemicals we are dealing with
because I’ve learned so many bad eﬀect if we do not
handle it properly. Besides that, this topic motivate me
to become a good and knowledgeable chemist in the
laboratory rather than a chemist that only mastering in
calculation and theory. [Student 17]
I really enjoyed the activity, thanks Dr. Chia! [Student 19]
In short, I enjoyed the process creating the comic yet it
may be frustrating and baﬄing as well but in the end I
gain some knowledge and experience which will bring
me a great impression toward it. [Student 25]

The instructor has been teaching the basic organic
chemistry course since 2013 till date. From the perspective of the course instructor, the implemented activity
was challenging to students, but at the same time enjoyable and eﬀective in promoting ESD, judging from the
survey result. Moreover, the current setting of activity
in the basic organic chemistry course enabled students
to think more critically about the chemicals they
handle, so as to train them to become more
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environmentally conscious and a responsible citizen
contributing to SD, which had never been experienced
by the previous classes that were not exposed to this
activity. In the current activity implementation, several
limitations were identiﬁed by the course instructor.
The sample size was relatively small (N = 41) and
impact of the activity could not be felt by a larger
group of students. In addition, the beneﬁt of this activity
is to create early awareness amongst undergraduates.
However, it does not guarantee that the participants
will apply the SD practices in their future lives. In the
future, the SSI-based comics could be incorporated
into machinima technique (45,46) to engage students
active learning in SD.

4. Conclusion
The use of animated comics could enhance young students on their knowledge and understanding of
speciﬁc science concepts, which are normally diﬃcult
to comprehend by using the traditional teaching
method. The purpose of this activity was to create students early awareness in the ESD by using the comics
as a way for them to communicate about scientiﬁc
matters. In addition, students were required to think critically about the topics and ideas, before the creation of
comics. Nevertheless, the current implemented activity
was aligned to ESD, whereby it involved topics of
every day’s organic compounds and societal issues. In
the current research, the pre- and post-surveys on the
current activity implied that the students were intellectually challenged and satisﬁed with the activity which
led to the learning of principles in the basic organic
chemistry course. In addition, students agreed that this
activity promoted autonomy learning and was
eﬀective in promoting ESD. With the current research
setting, students felt more familiarized with the SSI
topics regarding the use of some organic compounds,
as shown in the survey result. In future, this activity
will be adapted in teaching of SSIs in other ﬁelds, as
well as to motivate students about ESD so that it can
create an early environmental consciousness and
responsibilities of every citizen on the earth’s SD.

Disclosure statement
No potential conﬂict of interest was reported by the author(s).

Funding
This research was supported by Daegu University, 2018.

708

J. CHA ET AL.

References
[1] Holden, E.; Linnerud, K.; Banister, D. The Imperatives of
Sustainable Development. Sustain. Dev. 2017, 25, 213–
226. DOI: 10.1002/sd.1647.
[2] Chen, S.Y.; Liu, S.Y. Developing Students’ Action
Competence for a Sustainable Future: A Review of
Educational Research. Sustainability 2020, 12, 1374. DOI:
10.3390/su12041374.
[3] Burmeister, M.; Rauch, F.; Eilks, I. Education for Sustainable
Development (ESD) and Chemistry Education. Chem.
Educ. Res. Pract. 2012, 13, 59–68. DOI: 10.1039/
C1RP90060A.
[4] Eaton, A.C.; Delaney, S.; Schultz, M. Situating Sustainable
Development within Secondary Chemistry Education
Via Systems Thinking: A Depth Study Approach.
J. Chem. Educ. 2019, 96, 2968–2974. DOI: 10.1021/acs.
jchemed.9b00266.
[5] Eilks, I. Science Education and Education for Sustainable
Development-Justiﬁcations, Models, Practices and
Perspectives. Eurasia J. Math. Sci. Tech. Ed. 2015, 11,
149–158. DOI: 10.12973/eurasia.2015.1313a.
[6] Matlin, S.A.; Mehta, G.; Hopf, H.; Krief, A. The Role of
Chemistry in Inventing a Sustainable Future. Nat.
Chem. 2015, 7, 941–943. DOI: 10.1038/nchem.2389.
[7] Schiﬀer, J.M.; Lyman, J.; Byrd, D.; Silverstein, H.; Halls, M.D.
Microplastics
Outreach
Program:
A
SystemsThinking Approach to Teach High School Students
about the Chemistry and Impacts of Plastics. J. Chem.
Educ. 2020, 97, 137–142. DOI: 10.1021/acs.jchemed.
9b00249.
[8] Blatti, J.L. Colorful and Creative Chemistry: Making Simple
Sustainable Paints with Natural Pigments and Binders.
J. Chem. Educ. 2017, 94, 211–215. DOI: 10.1021/acs.
jchemed.6b00591.
[9] Hoﬀman, K.C.; Dicks, A.P. Shifting the Paradigm of
Chemistry Education by Greening the High School
Laboratory. Sustain. Chem. Pharm. 2020, 16, 100242.
DOI: 10.1016/j.scp.2020.100242.
[10] Holme, T. Using the Chemistry of Pharmaceuticals to
Introduce Sustainable Chemistry and Systems Thinking
in General Chemistry. Sustain. Chem. Pharm. 2020, 16,
100234. DOI: 10.1016/j.scp.2020.100234.
[11] Summerton, L.; Taylor, R.J.; Clark, J.H. Promoting the
Uptake of Green and Sustainable Methodologies in
Pharmaceutical Synthesis: CHEM21 Education and
Training Initiatives. Sustain. Chem. Pharm 2016, 4, 67–
76. DOI: 10.1016/j.scp.2016.09.003.
[12] Sivén, M.; Teppo, J.; Lapatto-Reiniluoto, O.; Teräsalmi, E.;
Salminen, O.; Sikanen, T. Generation Green – A Holistic
Approach to Implementation of Green Principles and
Practices in Educational Programmes in Pharmaceutical
and Medical Sciences at the University of Helsinki.
Sustain. Chem. Pharm. 2020, 16, 100262. DOI: 10.1016/j.
scp.2020.100262.
[13] Luo, Q.; Wang, J.; Wang, J.; Shen, Y.; Yan, P.; Chen, Y.;
Zhang, C. Fate and Occurrence of Pharmaceutically
Active
Organic
Compounds
During
Typical
Pharmaceutical Wastewater Treatment. J. Chem. 2019,
2019, 2674852. DOI: 10.1155/2019/2674852.
[14] Zamparas, M.; Kapsalis, V.C.; Kyriakopoulos, G.L.;
Aravossis, K.G.; Kanteraki, A.E.; Vantarakis, A.;

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

Kalavrouziotis, I.K. Medical Waste Management and
Environmental Assessment in the Rio University
Hospital, Western Greece. Sustain. Chem. Pharm. 2019,
13, 100163. DOI: 10.1016/j.scp.2019.100163.
Anning, A. Learning to Draw and Drawing to Learn. J. Art
Des. Educ. 1999, 18, 163–172. DOI: 10.1111/1468-5949.
00170.
Tytler, R.; Prain, V.; Aranda, G.; Ferguson, J.; Gorur, R.
Drawing to Reason and Learn in Science. J. Res. Sci.
Teach. 2020, 57, 209–231. DOI: 10.1002/tea.21590.
Ainsworth, S.; Prain, V.; Tytler, R. Drawing to Learn in
Science. Science 2021, 333, 1096–1097. DOI:10.1126/
science.1204153.
Hong, S.B.; Broderick, J.T.; McAuliﬀe, C.M. Drawing to
Learn: A Classroom Case Study. Early Child. Educ. J.
2021, 49, 15–25. DOI: 10.1007/s10643-020-01041-9.
Chi, M.T.; Bassok, M.; Lewis, M.W.; Reimann, P.; Glaser, R.
Self-Explanations: How Students Study and Use
Examples in Learning to Solve Problems. Cogn. Sci.
1989, 13, 145–182. DOI: 10.1207/s15516709cog1302_1.
Van Meter, P. Drawing Construction as a Strategy for
Learning from Text. J. Educ. Psychol. 2001, 93, 129–140.
DOI: 10.1037/0022-0663.93.1.129.
Harle, M.; Towns, M.H. Students’ Understanding of
Primary and Secondary Protein Structure: Drawing
Secondary
Protein
Structure
Reveals
Student
Understanding Better Than Simple Recognition of
Structures. Biochem. Mol. Biol. Educ. 2013, 41, 369–376.
DOI: 10.1002/bmb.20719.
Ramadas, J. Visual and Spatial Modes in Science Learning.
Int. J. Sci. Educ. 2009, 31, 301–318. DOI: 10.1080/
09500690802595763.
de Leur, T.; Van Boxtel, C.; Wilschut, A. When I’m Drawing,
I See Pictures in My Head: Secondary School Students
Constructing an Image of the Past by Means of a
Drawing Task and a Writing Task. Eur. J. Psychol. Educ.
2020, 35, 155–175. DOI: 10.1007/s10212-019-00419-7.
Kan, S.Y.; Cha, J.; Chia, P.W. A Case Study on using
Uncritical Inference Test to Promote Malaysian College
Students’ Deeper Thinking in Organic Chemistry. J. Kor.
Chem. Soc. 2015, 59, 156–163. DOI: 10.5012/jkcs.2015.
59.2.156.
Jeongho, C.; Kan, S.Y.; Chia, P.W. Uncritical Inference Test
in Developing Basic Knowledge and Understanding in
the Learning of Organic Spectroscopy. Pertanika J. Soc.
Sci. Humanit. 2017, 25, 1789–1802.
Cha, J.; Kan, S.Y.; Chia, P.W. “Spot the Diﬀerences” Game:
An Interactive Method that Engage Students in Organic
Chemistry Learning. J. Kor. Chem. Soc. 2018, 62, 159–
165. DOI: 10.5012/jkcs.2018.62.2.159.
Becker, H.S. The Etiquette of Improvisation. Mind Cult. Act.
2000, 7, 171–176. DOI: 10.1207/S15327884MCA0703_03.
Zainordin, N.; Wahi, W.; Petrus, M.; Koh, C.T. Sustainable
Development Attitude: A Study on Perception among
Private & Public Higher Learning Institutions Student in
Malaysia. MATTER: Int. J. Sci. Technol. 2017, 3, 514–524.
DOI:10.20319/mijst.2017.32.514524.
Cha, J.; Kan, S.-Y.; Chia, P.W. Inclusion of Organic Chemical
Based Socio-Scientiﬁc Issues and Action-Based Activity to
Promote Sustainability in the Basic Organic Chemistry
Course. J. Sustain. Sci. Manag. 2020, 15, 30–39. DOI: 10.
46754/jssm.2020.10.004.

GREEN CHEMISTRY LETTERS AND REVIEWS

[30] Gulacar, O.; Zowada, C.; Burke, S.; Nabavizadeh, A.;
Bernardo, A.; Eilks, I. Integration of a SustainabilityOriented Socio-Scientiﬁc Issue into the General
Chemistry Curriculum: Examining the Eﬀects on Student
Motivation and Self-Eﬃcacy. Sustain. Chem. Pharm.
2020, 15, 100232. DOI: 10.1016/j.scp.2020.100232.
[31] Chua, K.H.; Karpudewan, M. Integrating Nanoscience
Activities in Enhancing Malaysian Secondary School
Students’ Understanding of Chemistry Concepts. Eurasia
J. Math. Sci. Technol. Educ. 2019, 16, em1801. DOI: 10.
29333/ejmste/110781.
[32] Zidny, R.; Eilks, I. Integrating Perspectives from
Indigenous Knowledge and Western Science in
Secondary and Higher Chemistry Learning to
Contribute to Sustainability Education. Sustain. Chem.
Pharm. 2020, 16, 100229. DOI: 10.1016/j.scp.2020.100229.
[33] Lenoir, D.; Schramm, K.W.; Lalah, J.O. Green Chemistry:
Some Important Forerunners and Current Issues.
Sustain. Chem. Pharm. 2020, 18, 100313. DOI: 10.1016/j.
scp.2020.100313.
[34] Koutníková, M. The Application of Comics in Science
Education. Acta Educ. Gen. 2017, 7, 88–98. DOI: 10.
1515/atd-2017-0026.
[35] Caspers, M.L.; Roberts-Kirchhoﬀ, E.S. Incorporation of
Ethical and Societal Issues in Biochemistry into a Senior
Seminar Course. Biochem. Mol. Biol. Educ. 2003, 31,
298–302. DOI: 10.1002/bmb.2003.494031050258.
[36] Rhoad, J.S. Written Assignments in Organic Chemistry:
Critical Reading and Creative Writing. J. Chem. Educ.
2016, 94, 267–270.
[37] Michael, J. Where’s the Evidence that Active Learning
Works? Adv. Physiol. Educ. 2006. DOI: 10.1152/advan.
00053.2006.

709

[38] Lyons, T. Diﬀerent Countries, Same Science Classes:
Students’ Experiences of School Science in their Own
Words. Int. J. Sci. Educ. 2006, 28, 591–613. DOI: 10.1080/
09500690500339621.
[39] Keogh, B.; Naylor, S. Concept Cartoons, Teaching and
Learning in Science: An Evaluation. Int. J. Sci. Educ.
1999, 21, 431–446. DOI: 10.1080/095006999290642.
[40] Ntobuo, N.E.; Arbie, A.; Amali, L.N. The Development of
Gravity Comic Learning Media Based on Gorontalo
Culture. J. Pendidik. IPA Indones. 2018, 7, 246–251. DOI:
10.15294/jpii.v7i2.14344.
[41] Fox, A. How Secret, Late-Night Experiments Transformed
Two Scientists into Master Cartoonists. Science 2019, 363,
797.
[42] Quillin, K.; Thomas, S. Drawing-to-Learn: A Framework for
Using Drawings to Promote Model-Based Reasoning in
Biology. CBE-Life Sci. Educ. 2015, 14, 1–16. DOI: 10.1187/
cbe.14-08-0128.
[43] McDermott, J.E.; Partridge, M.; Bromberg, Y. Ten Simple
Rules for Drawing Scientiﬁc Comics. PLoS Comput. Biol.
2018, 14, e1005845. DOI: 10.1371/journal.pcbi.1005845.
[44] Tsai, C.Y. The Eﬀect of Online Argumentation of SocioScientiﬁc Issues on Students’ Scientiﬁc Competencies
and Sustainability Attitudes. Comput. Educ. 2018, 116,
14–27. DOI: 10.1016/j.scp.2016.09.003.
[45] Sagri, M.; Mouzaki, D.; Sofos, F. Teaching Cinema with
Machinima. Int. J. Arts Technol. 2020, 12, 155–173. DOI:
10.1504/IJART.2020.108634.
[46] Sagri, M.; Sofos, F.; Mouzaki, D. Digital Storytelling, Comics
and New Technologies in Education: Review, Research
and Perspectives. Int. Educ. J. Comp. Perspect. 2019, 17,
97–112.

